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Flood Frequency Analyses 

 What are flood frequency analyses and where 

do the data come from? 

 Why are flood frequency analyses important? 

 Why do we use 1% Annual Exceedance 

Probability instead of 100-year? 

 Why are 1% AEP flood values changed? 

 Where (and why) are flood data more 

important to gather? 

 Why are gages discontinued? 

 Why is 2011 so important to flood frequency 

analyses? 



Flood Frequency Analyses 

 Study in cooperation with Montana Department of 

Transportation and Montana Department of Natural 

Resources and Conservation 

 Update flood frequencies to include data through 

2011 

 Summarize data in report and provide through 

Streamstats 

 



2011 Flooding- 

      “How big was it?” and “Is that big?” 



2011 Peaks of Record (Discharge, Provisional) 

       EXPLANATION 
 Maximum recorded peak flow normalized to drainage area;  

 Size of circle is proportional to magnitude 

 

 Stations with maximum recorded peak occurring in 2011, n~54 



Musselshell River at Harlowton  
 Gaged 1909-Present 

 2011 Peak Discharge ~6,600 cfs 

 FFA 1909-2009 (102 yrs) 

0.4% Flood (~258 yr) 

1% Q=5,290 cfs 
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FFA 1909-2011 (104 yrs) 

0.6% Flood (~157 yr) 

1% Q=5,840 cfs 
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Musselshell River near Roundup 
 Gaged 1946-1948, 1950-Present 

 2011 Peak Discharge ~15,100 cfs 

 FFA 1946-2009 (63 yrs) 

0.54% Flood (~185 yr) 

1% Q=11,600 cfs 
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FFA 1946-2011 (65 yrs) 

0.85% Flood (~118 yr) 

1% Q=14,190 cfs 

 

22.3% 
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Musselshell River at Mosby 
 Gaged 1929, 1932, 1934-46, 1948-Present 

 2011 Peak Discharge ~25,900 cfs 

 FFA 1929-2009 (78 yrs) 

1.2% Flood (~84 yr) 

1% Q=27,500 cfs 

FFA 1929-2011 (80 yrs) 

1.5% Flood (~67 yr) 

1% Q=30,300 cfs 
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10.2% 

 



Rosebud Creek near Kirby 
 Gaged 1980-Present 

 2011 Peak Discharge ~1,690 cfs 

 FFA 1980-2009 (30 yrs) 

(Frequency not determined) 

1% Q=285 cfs 

FFA 1980-2011 (32 yrs) 

0.24% Flood (~417 yr) 

1% Q=870 cfs 

 

1

10

100

1,000

RECURRENCE INTERVAL, IN YEARS

F
L

O
W

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

2 10 100 500
1

10

100

1,000

10,000

RECURRENCE INTERVAL, IN YEARS

F
L

O
W

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

2 10 100 500

205% 

 2011 Peak is not plotted 



Pumpkin Creek near Miles City 
 Gaged 1973-78, 1980-85, 2004-Present 

 2011 Peak Discharge ~9,590 cfs 

 FFA 1973-2009 (18 yrs) 

0.2% Flood (~500 yr) 

1% Q=6,210 cfs 

FFA 1973-2011 (20 yrs) 

1.8% Flood (~55 yr) 

1% Q=12,320 cfs 

 

1

10

100

1,000

10,000

100,000

RECURRENCE INTERVAL, IN YEARS

F
L

O
W

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

2 10 100 500
1

10

100

1,000

10,000

100,000

RECURRENCE INTERVAL, IN YEARS

F
L

O
W

, 
IN

 C
U

B
IC

 F
E

E
T

 P
E

R
 S

E
C

O
N

D

2 10 100 500

98.4% 

 



Yellowstone River near Livingston 

FFA 1897-2009 (86 yrs) 

0.68% Flood (~147 yr) 

1% Q=37,750 cfs 

FFA 1897-2011 (88 yrs) 

1.01% Flood (99 yr) 

1% Q=39,230 cfs 

 

3.9% 
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 Gaged 1897-1905, 1929-1932, 1938-Present 

 2011 Peak Discharge ~38,900 cfs 

 



Flatwillow Creek near Flatwillow 

FFA 1911-1956 (44 yrs) 

(Frequency not determined; >500 yr) 

1% Q=973 cfs 

FFA 1911-1956, 2011 (45 yrs) 

(Frequency not determined; >500 yr) 

1% Q=1,200 cfs 
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23.3% 

 

 Gaged 1911-32, 1934-36, 1938-1956 

 2011 Peak Discharge ~2,490 cfs 

 



Musselshell River-Systematic Record 



Musselshell River-Record Extension 



Musselshell Basin-Normalized Peaks 

Peaks of record 

for all stream  

gages (active and  

discontinued) 



Musselshell Basin-Normalized Peaks 

Peaks of record 

for all stream  

gages (active and  

discontinued)  

with 2011 peaks  

superimposed 



Musselshell Basin-Normalized Peaks 

Peaks of record 

for all stream  

gages (active and  

discontinued)  

with 2011 peaks  

superimposed;  

showing drainage  

areas 



Musselshell Basin-Normalized Peaks 

Peaks of record 

for all stream  

gages (active and  

discontinued)  

with 2011 peaks  

superimposed; 

2011 peaks of  

record in blue  



Questions on 

flood frequency? 

Photograph taken by George F. Roskie, Lewis 

and Clark National Forest 

Photograph taken by Don Bischoff, U.S. 

Geological Survey, Helena, MT. 

Swiftcurrent Creek at Many Glacier, GNP 

November 7, 2006  

Gibson Dam on the Sun River  

June, 1964  
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Indirect Measurements 

 Computations of peak discharge without 

using conventional measurement equipment 

 Based on high water marks and conservation 

of energy principles 

 Basic types  

 Slope-area 

 Width (bridge) contraction 

 Culvert analysis 

 Road overflow (similar to broad-crested weir) 

 Combination of any or all of the above! 



Slope-area  
 Uses channel 

conveyance based on 

high water marks to 

compute discharge 

 Site data: 

 High water marks 

(HWMs) along both 

banks 

 Manning’s n values 

(roughness estimates) 

for channel and 

overbanks 

 Minimum 3 cross 

sections, more is better 



Flatwillow Creek near Winnett – (30 Miles 

north of Roundup)  



Flow Direction 

Flatwillow 

Creek near 

Winnett: 

Approximate 

Cross Section 

Locations 



Flatwillow Creek near Winnett 

 Q= 6,270 cfs 



Width (Bridge) Contraction 
 Uses energy loss 

through bridge 

 Site data: 

 I-94 NE of Billings 

 Fall through contraction 

 Substantial contraction of 

channel width 

 Survey contraction 

section data (piers, low 

steel, n values) 

 Approach section data  

 HWMs from approach 

through contraction 



Pryor Creek near Huntley 



Pryor Creek near Huntley 

 Q=7,460 cfs 



Culvert Computation 

 Energy loss through culverts 

 Site data: 

 Headwater elevation 

 Tailwater elevation 

 Culvert slope 

 Culvert geometry 

 Culvert roughness 

 Culvert entrance 

 Approach geometry 



Flatwillow Creek near Flatwillow 

 2 Culverts 

 Road overflow 

 

 Survey data 
 Approach section  

 Culvert geometry and elevation 

 Road centerline and cross section 

 HWMs- 

 Upstream, downstream, 

outside road overflow 

influence  



Flatwillow Creek near Flatwillow 

 Culverts 

 Culvert analysis 

program (CAP) 

 L. Culvert=635 cfs 

 

 

 

 R. Culvert=940 cfs 

 Road Overflow 

 Broad crested weir 

equations 

 Road overflow=935 cfs 

Q Total=2,490 cfs 



Need an indirect? 

 Surveys 

 Survey early!!!!!!!!! 

 Obvious? - look higher 

 Survey multiple high 

water marks   

 Pictures and notes 

 Flag marks 



Questions? 

Photograph taken by George F. Roskie, Lewis 

and Clark National Forest 

Photograph taken by Don Bischoff, U.S. 

Geological Survey, Helena, MT. 

Swiftcurrent Creek at Many Glacier, GNP 

November 7, 2006  

Gibson Dam on the Sun River  

June, 1964  


